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FUEL CELL 



BACKGROUND 

1 . The Field of the Invention 

[0001] The present invention relates to fiiel cells, and more particularly, to a fiiel 
cell which can enhance an electricity generating performance. 

2. The Relevant Technology 

[0002] Th e A fuel cell is an energy transformation device for the direct 
transformation of a-chemical energy of a fiiel into an electrical energy by means of a 
chemical reaction. Different from a g e neral typical b attery. the-a_fuel cell can generate 
electricity continuously without recharging as fai ^long as fuel is fed into it without 
r e charging . Recently, interest is focus e d o m the fuel cell has grown owing to the-its 
high energy efFiciency_-and_-the environmental friendly nature. 
[0003] In general, the-a^fuel cell is provided with two electrodes, i.e., an anode and 
a cathode arranged on opposite sides of an electrolyte. In gen e ral Typically , there effe-is 
also an anode side separator on an outer side of the anode having a fuel passage and 
supporting the anode, and a cathode side separator on an outer side of the cathode 
having an air passage and supporting the cathode. An electro-chemical reaction of the 
hydrog e n, the fuel, takes place at the anode, and an electro-chemical reaction of the 
oxygen, an oxidizer, takes place at the cathoder-aa d. These electro-chemical reactions 
cause electric energy to be i s-generated owing due t o the migration of electrons tak ing ea 
place in this tim e during the reactions . 
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[0004] The -Typical fuel cells may use a variety of fuels, such as LNG, LPG, 
methanol, gasoline, and the like. In general, the fuel is refined as hydrogen by passing it 
through a desulfurization process, a reforming reaction, and a hydrogen refining process 
at a fuel reformer, and is_used in a form of hydrogen g as. In some embodiments. A fuel 
of a water solution state, for an example^ a solid state BH4"4s-dissolved into a water 
solution state, is used as the fuel (Boro Hydride Fuel Cell). The Boro Hydride Fuel Cell 
(BFC) can dispense with the fiiel reformer as the fuel of a water solution state is fed to 
the anode directly, and the reforming reaction takes place at the anode without the fuel 
reformer, e nabling to t hus simplify ing arthe fuel cell system. 

[0005] Typical fuel cells may also use a variety In th e m e antim e , according to Icinds 
of th eof electrolytes . For example.^ there are phosphoric fuel cells, molten carbonate 
fuel cells, alkaline fuel cells, solid oxide fuel cells, and polymer membrane fuel cells, 
and the like. 

[0006] A r e lat e d art fu e l c e ll syst e m will b e d e scrib e d with r e f e r e nc e to FIG. 1. 
fOOO^[0006] R eferring to FIG. 1, a conventional fuel cell is illustrated. As illustrated 
in FIG 1, fuel is fed from a fuel tank 5 to a fuel cell 1 by a fuel pump 3, and air is fed to 
the fuel cell 1 by an air pump 7. The fuel cell 1 is- amay be a unit cell or a stack of the 
two or more u nit cells. 

[000 8 ]An e xampl e of a r e lat e d art fu e l c e ll will b e d e scrib e d with r e fer e nc e to FIGS. 2 
to 4 . Each of FIGS. 2 to 4 illustrat e s a unit fu e l c e ll. Referring now to FIGS 2 through 4. 
a specific example of another conventional fuel cell will be described. Note that each of 
the FIGS 2 to 4 illustrate a unit fuel cell. As illustrated in FIG 2 

f0009^[0007] tT here «e-is_an anode 30 and a cathode 20 at opposite sides of an 
electrolyte 10. There are also separators 40 and 50 at an outer sides of the anode 30 and 
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the cathode 20, respectively. The anode 30 and the cathode 20 are porous and in general 
include Pt catalyst. 

f00j^[00081 Thu sAs mentioned , there are-is an anode side separator 50 at an outer 
side of the anode 30, and a cathode side separator 40 at an outer side of the cathode 20. 
As illustrated in FIGS 3 and 4. tT he separators 40 and 50 support the anode 30 and the 
cathode 20 respectively, and have passages 46, and 56 formed in general between 
barriers 44, and 54. Note that t¥ here can be a variety of passage forms. The separators 
40, and 50 serve to separate individual unit cells when unit cells are stacked. In the 
m e antime addition . there can be separate electricity collecting plates at mLouter sides of 
the separators 40, and 50, respectively. 

f00tj4r00091 In g e n e ral Typically . the electrolyte is an ion exchange membrane of a 
polymer material. A typical commercially available electrolyte membrane is Nafion 
membrane ef-from_Du Pont, and- which serves as a transfer body of hydrogen ions , and, 
while at the same time with this, prevent ings the oxygen from coming into contact with 
the hydrogen. Also tT he anode 30 and the cathode 20 are supporting bodies having a 
catalyst attached thereto o f, in g e n e ral, _ porous carbon resin or carbon clot h or other 
suitable materials . Further. tT he separators 40, and 50 are formed o f, in g e n e ral, _dense 
carbon material, or Ni/SUS material or other suitable materials . 
{00i4}The action of the fuel cell will now be described as follows . 
fOOia^mOlOl The fuel and air fed to the fuel cell flow through the anode 30 and the 
cathode 20, and make the following chemical reaction^T 

fOOM^Anode : BH4" + 80H" BO2" + 6H2O + 8e" Eo = -1.24V 

f0ai5]Cathode:2O2 + 4H2O + Se" SOH" Eo = 0.4V 

fOOM^Total : BH4" + 2O2 ^ 2H2O + BO2" Eo = 1.62V. 
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[00171 [00111 In th e m e antime Typically . in order to make the BH4" stable solution, m 
g e n e ral a certain amount of Na is mixed, to cause a side reaction to generate hydrogen 
gas at the anode 30. That is, a reaction of 2H2O + NaBH4 NaBOi + 4H2 takes place 
at the anode 30. 

fOQj^[00121 In th e meantim e Accordingly , improvement of an -the electric generating 
capacity^ and performance of the fuel cell hav e b e en requir e d are desirable while a-the 
size of the fuel cell is kept as it is. B e caus e This is because , d e spit e of abov e advantag e s 
of the fu e l c e ll as t he size of the-a^fuel cell becomes in g e n e ral larger for obtaining a 
desired electric generating capacity and performance, that limits us e of th e fu e l c e ll, and 
it is^ie tbecomes less convenient m-to use. 

f00j^[00131 Consequently, there have been many suggestions for improving the 
capacity and performance of the-a.fuel cell. For ^example, Japanese Laid Open Patent 
No. HlO-228913 sugg e sts discloses the partial gold plating of electrodes and separators; 
to reduce contact resistances between the electrodes and the separators, te— thus 
improv inge the performance of the fiiel cell. In this instanc e , it is sugg e st e d that th e 
s e parators ar e form e d of m e tal, and th e s e parators ar e form e d of stainl e ss st ee l for 
pr e v e ntion of corrosion. How e v e r, though th e various sugg e stions for improving th e 
capacity and p e rformanc e of th e fu e l c e ll hav e e ff e cts in som e e xt e nt, th e effects ar e not 
in g e n e ral significant, to r e quir e fu e l c e lls having a b e tt e r e l e ctric g e n e rating 
p e rformanc e . H owever. this approach has proven effective in only a limited number of 
circumstances, leaving a need in the art for a fuel cell having a better electric generating 
performance. 
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BRIEF SUMMARY 

An obj e ct of th e pr e s e nt inv e ntion, d e sign e d to solv e abov e probl e ms, 

t sAccordingly. the principles of the present invention are directed toward te-provid eing 
a fUel cell which t hat can improve an-electric generating capacity and performance 
without increasing a size of the fuel cell. 
[00141 

[0015]Th e obj e ct of th e pr e s e nt inv e ntion can b e achi e v e d by providing a fu e l cell 
including e l e ctrolyt e , an anod e and a cathod e at opposite sid e s of th e e lectrolyt e , an 
anod e sid e s e parator and a cathod e sid e s e parator at out e r sides of th e anod e and th e 
cathod e r e sp e ctiv e ly, and a m e dium lay e r b e tw ee n th e cathod e and th e cathod e sid e 
s e parator for pr e v e ntion of corrosion of th e cathod e sid e s e parator. 
[00151 In other asp e ct of th e pr e s e nt inv e ntion, th e r e is provided a fu e l c e ll 
including e l e ctrolyt e , an anod e and a cathod e at opposit e sid e s of th e e lectrolyt e , an 
anod e sid e s e parator at an out e r sid e of th e anod e , a cathod e sid e s e parator at an outer 
sid e of th e cathod e , a porous supporting m e mb e r b e tw ee n th e cathod e and th e cathod e 
sid e s e parator for supporting th e cathod e , and a supporting m e mb e r m e dium lay e r 
b e tw e en th e cathode and the porous supporting m e mb e r for pr e v e ntion of corrosion of 
th e porous supporting m e mb e r. One embodiment herein described discloses a fuel cell. 
The fuel cell includes an electrolyte and an anode and a cathode at opposite sides of the 
electrolyte. The fuel cell further includes an anode side separator at an outer side of the 
anode, a cathode side separator at an outer side of the cathode, and a medium layer 
between the cathode and the cathode side separator configured to at least partially 
prevent corrosion of the cathode side separator. 
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[0016] A further embodiment herein described also discloses a fuel cell. The fuel 
cell includes an electrolyte and an anode and a cathode at opposite sides of the 
electrolyte. The fuel cell further includes an anode side separator at an outer side of the 
anode, a cathode side separator at an outer side of the cathode, a porous supporting 
member between the cathode and the cathode side separator configured to at least 
partially support the cathode: and a supporting member medium layer between the 
cathode and the porous supporting member configured to at least partially prevent 
corrosion of the porous supporting member. 

[0016]In anoth e r asp e ct of th e pr e s e nt inv e ntion, th e r e is provid e d a fu e l c e ll including 
e l e ctrolyt e , an anode and a cathod e at opposit e sid e s of th e e l e ctrolyt e , an anod e sid e 
s e parator and a cathod e sid e s e parator at out e r sid e s of th e anod e and th e cathod e 
r e sp e ctiv e ly, and a m e dium lay e r betw ee n the anod e and th e anod e sid e s e parator for 

prev e ntion of corrosion of th e anod e sid e s e parator. 

[0017] An additional embodiment herein described discloses a fuel cell. The fuel 
cell includes an electrolyte and an anode and a cathode at opposite sides of the 
electrolyte. The fuel cell further includes an anode side separator at an outer side of the 
anode, a cathode side separator at an outer side of the cathode, and a medium layer 

between the anode and the anode side separator configured lo at least paitially prevent 
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Qshm[2S corrosion of the anode side separator. 



[0017] Thus, an e l e ctric g e n e rating p e rformanc e of th e fli e l c e ll can b e improv e d, to 



e nabl e improv e m e nt of an e l e ctric g e n e rating capacity without incr e asing a siz e of th e 
fu e l c e ll. 

f0035^[0018] Additional advantages, objects, and features of the invention will be set 
forth in part in the description which follows and in part will become apparent to those 
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having ordinary skill in the art upon examination of the following or may be learned 
from practice of the invention. The objectives and other advantages of the invention 
may be realized and attained by the structure particularly pointed out in the written 
description and claims hereof as well as the appended drawings 
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BRIEF DESCRIPTION OF THE DRAWINGS 
fOQ26j[00191 To further clarify the above and other advantages and features of the 
present invention, a more particular description of the invention will be rendered by 
reference to specific embodiments thereof which are illustrated in the appended 
drawings. It is appreciated that these drawings depict only typical embodiments of the 
invention and are therefore not to be considered limiting of its scope. The invention 
will be described and explained with additional specificity and detail through the use of 
the accompanying drawings in which: 

f0027^ [00201 F IG. 1 illustrates a block diagram of a r e lat e d prior art fuel cell system; 
f0028t[00211 F IG. 2 illustrates a disassembled perspective view of a r e lated prior art 
fuel cell, schematically; 

f0029t [00221 F IG. 3 illustrates a plan view of one example of the cathode side 

separator in FIG. 2, schematically; 

f0«301[00231 F IG. 4 illustrates a section of FIG. 2; 

fOO^j4[00241 F IG. 5 illustrates a circuitry expression of the-a_fuel cell in FIG. 2 ; 
f0032;[00251 F IG. 6 illustrates a graph of a vohage drop in the fuel cell of FIG 5 : 
f0033|[00261 F IG. 7 illustrates a section of a fuel cell in accordance with a pr e f e rr e d 
embodiments of the present invention, schematically; 

f0034[ [00271 F IGS. 8 and 9 illustrates a graphs eaeh-showing a^comparison of the 
electric generating capacity of the fuel cells of the present invention and the r e lat e d 
prior art; emd 

[00281 FIG- 9 illustrates another graph showing a comparison of the electric 
generating capacity of the fiiel cells of the present invention and the prior art: and 
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fQ03Sj[00291 FIG. 10 illustrates a section of a fuel cell in accordance with anoth e r 
iother embodiments of the present invention, schematically. 
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DETAILED DESCRIPTION 
fOQSj4[00301 R eference will now be made in detail to the pr e f e rr e d embodiments of 
the present invention disclosed herein , examples of which are illustrated in the 
accompanying drawings. In describing the embodiments disclosed herein , parts 
identical to the parts of the r e lat e d prior art fuel cell will be given the same names and 
reference symbols, and a^detailed description of wlaeh -such elements w ill be omitted. 
{QQ^^A n example pr e f e rr e d embodiment of the fiiel cell of the present invention will 
be first be described with reference to FIG. 7. 

f0038^[00311 A Mke-As th e r e lat e d art illustrated in FIG 7 . the -the example embodiment 
fuel cell of th e pr e s e nt inv e ntion includes an electrolyte 10, an anode 30, a cathode 20, 
an anode side separator 50, and a cathode side separator 40. Of course, when the unit 
fuel cell of FIG 7 is staked in a stack of unit fuel cells, the cathode side separator 40 of 
the unit fuel cell will touch an anode side separator of a different unit cell. In like 
manner, the anode side separator 50 will touch a cathode side separator of a different 
unit cell. Though th e s e parator 4 0 or 50 has on e sid e in contact with th e anod e 30. and 
th e oth e r sid e in contact with th e cathod e 20 at the sam e tim e in a stack typ e fu e l c e ll 
having a plurality of unit c e lls stack e d th e r e in, for th e sak e of d e scription, words of an 
anod e sid e s e parator 50, and a cathod e sid e s e parator 50 will b e us e d in th e following 
d e scription. 

[0032] From study of th e inv e ntors, it is found out Typically the tha^prevention of 
corrosion of the side separators, particularly^ the cathode side separator 40^ is v e ry 
import ant allows for improvinedg performance of the fuel cell. Becaus e For example , as 
shown in FIG. 5, when the fuel cell generates electricity, ions move from the anode 
the electrolyte -> the cathode, and electrons move from the anode (r2) the anode side 
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separator (rl) ^ the cathode side separator (r4) the cathode (r3), wherein all the 
moving paths of the electrons «e-acLas_a kind of inner resistances. By th e way, as 
shew ftAs shown in FIG. 6, if the inner resistance increases, ar- the performance of the 
fuel cell drops according to the I-V characteristics of the fuel cell. 
[00331 In th e m e antim e , from th e study of th e inv e ntors, it is found out that, 
durin g Puring operation of the fuel cell, in g e n e ral, corrosion typically t akes place at the 
cathode side separator 40, and stain form e d in this instanc e is a gr e at which may be a 
cause of the increase of the inner resistance discussed above . That is, th e r e lated art of 
th e pr e s e nt inv e ntion fails to know that th e H owever. conventional solutions to 
increasing fuel cell performance have failed to properly address prevention of corrosion 
of the side separator 40 is-as one of th e most important factors for improving the 
performance of the fuel cell. Th e r e for e F or example , as described in the r e lat e d prior art. 
Japanese Laid Open Patent No. HlO-228913 suggests partial gold plating at contact 
surfaces of electrodes and side separators^ to reduce contact resistances between the 
electrodes and the side separators simply, and te -the u se oLstainless steel as a material 
of the side separators for prevention of corrosion. However, in g e n e ral, it is often 
difficult to avoid the corrosion effectively by using the -a side separator of metal^ 
particularly, the corrosion of th e cathod e sid e s e parator caus e s probl e ms . That is, from 
study of the inv e ntors, lit is feund -often the case e u^that positive corrosion prevention 
is more effective than prevention of simple contact resistance for improving the 
performance of the fiiel cell. 

f0040^[00341 Th e r e for e Accordingly . the principles of the present invention sugg e sts 
are directed towards preventing corrosion of the side separators for improving 
performance of the fiiel cell. Though Although any methods that can effectively prevent 
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corrosion of the cathode side separator-are- is applicable, a n example method will be m 
described in t he following example embodiment is simpl e and e ff e ctiv e. Note that the 
example embodiment to follow is for illustration only and is not meant to limit the 
scope of other embodiments disclosed herein or to limit the scope of the appended 
claims. As mentioned previously, it will be appreciated that other methods that prevent 
corrosion of the side separators are also contemplated. 

fOQ4j4 [00351 R eferring again t o FIG. 7, th e r e is a medium layer 300 is shown b etween 
the cathode side separator 40 and the cathode 40 -20 configured for prevention of 
corrosion of the cathode side separator 40. Though Although t he medium layer 300 may 
be provided separately, it is preferable in some embodiments that the medium layer 300 
is-be a coated layer of a material selected from materials having ionization tendencies 
similar to the cathode 20. Having similar ionization tendencies between medium 
material 300 and cathode 20 helps to prevent B e caus e it is found out from th e study of 
th e inv e ntors that a principal caus e of t he corrosion at the cathode side separator 40 that 
may be i s -caused by a voltage difference coming fro m due to a-differences of the 
ionization tendencies of the cathode 20 and the cathode side separator 40. 
[0036] In th e m e antim e , it is r e quir e d that As illustrated in FIG 7. the coated layer 
300 on the cathode side separator 40 is at l e ast on may be applied to a contact surface 
302 te-of the cathode 20, «id-a bottom surface 304 of the passage s 46 . and pr e f e rably 
©H-a wall surface 306 of the passage s 46 . 

[00 4 31 [00371 In th e m e antim e , in g e n e ral sinc eSince the cathode 20 often includes a 
Pt catalyst, the coated layer 300 may be formed of R, gold, copper, nickel, and the like^ 
without limitation, having an ionization tendency the same or similar to Pt^j and it is in 
some embodiments it is preferable that the coated layer 300 is-be formed of gold, talcing 
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due to production costSj aad -. production process es and the like , and th e lik e into 
account . 

[00 4 41 [00381 On th e oth e r hand in addition , the-corrosion may also take place at the 
anode side separator 50. Th e r e for e Accordingly . it is pr e f e rabl e that a medium layer (not 
shown), for an-example ^ similar or the same as t he coated laye r 300 . is -may also be 
applied to form e d on t he anode side separator 50 for prevention of corrosion of the 
anode side separator 50. Of course, in this instanc e too such embodiment , it is also 
preferable that the coated layer is formed of a material s e l e ct e d from mat e rials that 
sho ws little or no voltage differences from the anode 30. 

f0034JReferring now to FIG. 8, an as- illustration of a graph showing a comparison of 
the electric generating capacity of the fuel cells of the present invention and the prior art 
is show n a r e sult of e xp e rim e nt of th e inv e ntors .r in-a ln this case-ef^^a fiiel cell ¥^has 
the-a^cathode side separator 40 including that includes Pt- . The plot of FIG 8 shows that 
it is v e rifi e d that th e w hen the fuel cell , as in the present invention, with a further 
includes a^gold coated layer (i.e.. medium layer 300). the fuel cell can improv e shows 
approx. 50% ef- improvement in electric generating performance as compared to when 
the fuel cell, as in the prior art, does not include th e r e lat e d art fu e l c e ll without the 
coated layer 300, if other conditions are the same. Since results of experiments for 
various kinds of fuel cells show similar trends, only one result of the experiment is 
shown in FIG. 8 for convenience. 

[00391 M or e ov e r, as shown in FIG. 9. th e principl e of th e pr e s e nt inv e ntion is 
applicabl e to oth e r forms of fu e l c e lls. Similar performance results may also be seen in 
FIG 9. 
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[00401 For an e xampl e , as shown i n Turning to FIG. 10- . an alternative embodiment 
of a fuel cell is illustrated. As illustrated, t here may be a porous supporting member 
100, for an-example, a mesh member, between the cathode 20 and the cathode side 
separator 40. The supporting member 100 is also susceptible to e eff ocorrosion. To help 
prevent such corrosio n d e d. and it is pr e f e rable that such corrosion is prev e nt e d. That is . 
a_— gold plating may be applied toe a the supporting member 100 to reduces the inner 
resistance, and- which s hews -allows a performance improvement as explained above . Of 
eeuFs eIn some embodiments , it is mor e e ff e ctiv e the performance improvements are 
greater if the cathode side separator 40 is coated with gold. 

f0036JIn th e m e antim e addition . there ean -may also b e an anode supporting member 80 
between the anode 30, and the anode side separator 50 . Supporting member 80 may 
also be susceptible to corrosion. Accordingly, r -and the same principle s of corrosion 
prevention described in relation to supporting member 100 ts- are applicable to the 
anode supporting member 80. Of course, the principles of above embodiments ts-are 
not limited to a fuel cell of the BFC type, but is- are applicable to other fuel cells, too. 
[0019] Industrial Applicabilitv 

fOO^[00411 The effective prevention of corrosion at the cathode side separator and/or 
the anode side separator p e rmits helps to reduce an inner resistance of the fuel cell_— to 
improve electric generating performance^ and capacit y, at th e e nd . 
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CLAIMS 



What is claimed is: 

1. A fuel cell comprising: 
electrolyte; 

an anode and a cathode at opposite sides of the electrolyte; 

an anode side separator and a cathode side separator at outer sides of the anode 
and the cathode, respectively; and 

a medium layer between the cathode and the cathode side separator for 
prevention of corrosion of the cathode side separator. 

2. The fuel cell as claimed in claim 1, wherein the medium layer is a coated 
layer on the cathode. 

3. The fuel cell as claimed in claim 2, wherein the coated layer is formed of a 
material selected from materials having ionization tendencies similar to the cathode. 




catalyst, and the medium layer is formed of gold. 



4. The fuel cell as claimed in claim 2 or 3, wherein the cathode includes a Pt 
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5. The fuel cell as claimed in claim 1 or 2, further comprising a medium layer 
between the anode and the anode side separator for prevention of corrosion of the 
anode side separator. 

6. A fuel cell comprising: 
electrolyte; 

an anode and a cathode at opposite sides of the electrolyte; 
an anode side separator at an outer side of the anode; 
a cathode side separator at an outer side of the cathode; 

a porous supporting member between the cathode and the cathode side separator for 
supporting the cathode; and 

a supporting member medium layer between the cathode and the porous 
supporting member for prevention of corrosion of the porous supporting member. 

7. The fliel cell as claimed in claim 6, wherein the supporting member medium 
layer is a coated layer on the supporting member. 

8. The fuel cell as claimed in claim 7, wherein the coated layer is formed of a 
material selected from materials having ionization tendencies similar to the cathode. 
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9. The fuel cell as claimed in claim 6, further comprising a medium layer 
between the cathode side separator and the porous supporting member for 
prevention of corrosion of the cathode side separator. 

10. The fuel cell as claimed in one of claims 6 ~ 9, wherein the cathode includes 
a Pt catalyst, and the medium layer is formed of gold. 

11. The fuel cell as claimed in one of claims 6 ~ 9, further comprising: 

a porous supporting member between the anode and the anode side separator for 

supporting the anode; and 

a supporting member medium layer between the anode and the porous 
supporting member for prevention of corrosion of the porous supporting member. 

12. A fuel cell comprising: 
electrolyte; 

an anode and a cathode at opposite sides of the electrolyte; 

an anode side separator and a cathode side separator at outer sides of the anode 
and the cathode, respectively; and 

a medium layer between the anode and the anode side separator for prevention 
of corrosion of the anode side separator. 
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ABSTRACT 

Affuel cell including an electrolyte, an anode and a cathode at opposite sides of 
the electrolyte, an anode side separator and a cathode side separator at outer sides of the 
anode and the cathode respectively, and a medium layer between the cathode and the 
cathode side separator configured to at least partially prevent for pr e v e ntion of 
corrosion of the cathode side separator, thereby improving a performance of an electric 
generating performance of the fuel cell. 
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